starvation and pretreatment with bicarbonate solution increased the relative survival of the challenge approximately 10-fold. Despite the rapid and extensive inactivation of the oral inoculum within the normal intestine, significant numbers of salmonellae reached the liver and spleen by 48 hr, and this systemic infection was subsequently responsible for the death of a high proportion of the challenged animals.
The rate of growth of Salmonella enteritidis in the livers and spleens of specific pathogen-free CD-1 mice after parenteral (3, 10) or oral (4) infection determines the ultimate fate of the animal (5) since, regardless of the route of infection used, death will ensue when the liver and spleen populations reach between 108 and 109 viable organisms (18) ; only a rapidly emerging host resistance capable of controlling the growth of the organism before such levels are reached will permit the animal to survive (4, 6, 7) . Changing the route of infection may increase the size of the minimal lethal dose (14) , but this seems to be due to differences in the rate of spread by the parasite from the original site of implantation to the liver and spleen (3); the host-parasite relationships involved in the expression of acquired resistance to the developing infection are essentially the same, regardless of the route of challenge (5) .
Recent studies indicated that the oral route of infection can be used in mouse protection tests (1, 4, 15) . One of the major shortcomings of most such tests has been the fact that the mice must be exposed to relatively large oral inocula to infect lethally 100% of the controls (1, 21, 27) . The relevance of such murine protection studies in relation to defense against the natural human disease is, therefore, open to question (5) . How- ever, the use of serial quantitative counts of the bacterial populations in the liver and spleen (4) permits the use of the smaller infectious dose (ID5o).
Host susceptibility to oral infection depends on a number of incompletely understood factors. Differences in the strain of mice (2, 30) , variations in diet (13) , and the presence of normal intestinal, as well as intercurrent, infections are known to effect host resistance (12, 22) . Earlier studies, carried out in these laboratories, of the development of anti-Salmonella immunity in orally infected mice were carried out in CD-1 mice (4). For some reason, this strain of mouse seems to be more resistant to systemic salmcnellosis (3) than the Swiss Webster mice used in earlier studies (6) . While studying this phenomenon in a number of mouse strains available at the Trudeau Institute, it was observed that a specific pathogen-free inbred strain of C57B1 mice was unusually susceptible to S. enteritidis infection.
These studies form the basis of the present paper.
MATERIALS AND METHODS Organisms. S. enteritidis 5694, S. gallinarum 9240, and S. pullorum 223 were grown and maintained under conditions described earlier (6, 7) .
Listeria monocytogenes was maintained by serial passage in CD-1 mice as described elsewhere (19) . A small sample of spleen homogenate was grown overnight at 37 C in tryptose soy broth (Difco), the appropriately diluted inoculum was injected intravenously, and the culture was discarded.
BCG Montreal (TMC no. 1012) was grown on Sauton's medium and prepared and stored at -70 C as described elsewhere (9) . The (8) . Five-week-old females were used throughout. A few experiments were also carried out with conventionally raised A/J inbred mice (Jackson Laboratory, Bar Harbor, Me.) and the outbred CF-i mice (Carworth Farms, N.Y.).
They were maintained under isocaps in a holding room separate from that used for the specific pathogen-free mice to limit the possibility of cross-contamination. Mice were infected orally by introducing 0.2 ml of a saline suspension containing the appropriate number of organisms directly into the stomach by gavage tube (4) . Some mice were starved overnight, and 0.2 ml of 10% sterile sodium bicarbonate was introduced into the stomach by gavage tube immediately before challenge. Care was taken that the inoculum was not accidentally discharged into the mouth or esophagus. When this happened, some of the inoculum was frequently aspirated into the lungs resulting in systemic infection by this route also. Any such animals were, therefore, discarded from the experiment. When the inoculum was carefully delivered into the stomach, the lungs remained free of culturable salmonellae until the terminal stages of the infection.
Enumeration of bacterial population in vivo. The number of organisms in the blood, liver, spleen, lung, and mesenteric lymph nodes was estimated at 1-or 2-day intervals by the methods described earlier (4, 20) . Groups of five mice were used for each time point, and the relative errors involved in such determinations were similar to those reported earlier (3) . The behavior of the challenge infection in the gut was determined as follows. The stomach, small intestine, cecum, and large intestine were removed aseptically and placed separately in sterile saline in petri dishes. The organs were immediately opened, and the contents were washed out. Counts were carried out on suitable saline dilutions of the washings, plated on deoxycholate citrate agar (DCA). The walls were washed in four changes of saline and homogenized in 3 ml of saline (4) . The homogenates were plated on DCA and incubated at 37 C for 48 hr. When there was doubt, the colonies were checked by slide agglutination.
Virulence tests. Groups of 10 mice were infected intravenously with 10-fold dilutions of the test organism, and the viability of the suspensions was checked by plating on tryptose soy agar (TSA). Other groups of mice were infected orally with 0.2-ml volumes of suitable dilutions administered by gavage tube. The 50% lethal dose (LD5o) values were determined from the survival data after 28 days by using the method described by Reed and Muench (26 systemic infection in about 50% of the mice, although these infections did not progress to a fatal conclusion. However, when the challenge inoculum was increased 10-to 100-fold, many deaths occurred, and this is in agreement with the LD50data shown in Table 1 . C57B1 mice are also exquisitely sensitive to an intravenous challenge by this organism, as can be seen in Fig. 2 . The virulent 5694 strain multiplied in the liver and spleen at approximately 1.1 log per day; this compares with the maximum growth rate of 0.7 log per day observed earlier in normal CD-I mice (3). Even the partially attenuated Se 795 strain (iv LD50 = 2 X 105 organisms) increased 100-fold in viable numbers over the first 4 days, there was little or no increase in the viable counts when this organism was injected into CD-1 mice (3). The reduced virulence of the Se 795 strain seemed to be partly due to an increased initial inactivation of the challenge during the first critical hours of the infection. The inoculum of 7,000 viable Se 795 was thus reduced to 250 organisms in the liver and 150 in the spleen (a 20-fold reduction) in 4 hr. The more virulent 5694 strain underwent only a two-to threefold reduction during this early period but then increased at a markedly faster rate than the Se 795 population without any lag period (Fig. 2) . As observed earlier, virulence seemed to correlate best with the overall growth rate in the liver and spleen (5). However, the onset of immunity to the two test organisms occurred at about the same time (day 4), regardless of the virulence of the challenge strain. Both the conventionally raised A/J and the CF-i mice had LD50 values for S. enteritidis similar to those reported earlier for the CD-1 mice (Table 1) . Growth curves after intravenous or oral challenge of A/J and CF-1 mice with S. enteritidis resembled those published previously for the CD-1 mice (3, 4 suggested a secondary blood-borne origin, rather than a primary gut infection (5) . By 48 hr, some increased cellularity was observed within the lamina propria of the small intestine, but this was not sufficiently localized or severe to be considered characteristic.
S. gallinarum infection of C57B1 mice. The C57B1 mice underwent a more severe infection after oral or intravenous infection with S. gallinarum (Fig. 5) Fig. 3 for details. Salmonella antigen injected into the right hind footpad of the C57B1 mice was about the same as that observed earlier for the CD-1 mice (7) . No footpad reactivity was observed in the orally infected mice until 4 or 5 days after appreciable numbers of salmonellae were detected in the liver and spleen. The amount of Arthus reactivity (3 hr) was consistently lower than the 24-hr reactions (Fig. 5) .
S. pullorwn was shown earlier to be incapable of surviving or growing in the livers and spleens of CD-1 mice (6, 7, 10) . This organism is also avirulent for C57B1 mice (Fig. 6 ) whether introduced orally (5 X 108 viable organisms) or intravenously (8 X 107 organisms). All attempts to detect residual S. pullorwn 48 hr after these infections were negative.
Infection of C57B1 and CD-1 mice with L. monocytogenes or BCG. The two challenge organisms were selected as representing acute and chronic infections, respectively. When L. monocytogenes was injected intravenously into C57B1 and CD-1 mice, the growth curves shown in Fig.  7 were obtained. It is clear that the challenge population multiplied within the livers and spleens of the C57B1 mice at rates similar to those seen L.monocytogenes I.V. CD-1 Mice DISCUSSION Wide differences exist in the relative susceptibility of various mouse strains to a number of infectious agents. C57B1 mice have been reported by a number of investigators to be more susceptible to tuberculous infection than other strains of mice tested (11, 16, 28, 30 substrains of BCG (9, 24) , but these variations 7. Growth of L. monocytogenes in CD-1 were generally consistent in the two host strains. nd C57BI (bottom) mice after intravenous
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